Abstract: In its development paper Europe 2020, the European Commission defi ned the ambitious goal of raising the level of resource effi ciency. As a means of achieving this goal in
INTRODUCTION
Economic theory claiming that the richness of the nation is dependent on the available quantity of its natural resources has been abandoned a long time ago and replaced by a proven theory that the main cause of an increase in well-being of the population is a more eff ective production, or in the productivity (Basu S., L. Pascals, F. Schiantareli Serv, L., 2013) . Th is theory has been confi rmed by the fact that in the past 20th century a lot of progress in reducing poverty in the world was achieved due to the growth of productivity in agricultural production (OECD, 2001) . Today, approaching the end of the second decade of the 21st century, agricultural production is again gaining importance, where once again raises the question whether this branch of production can give answers to numerous challenges facing the world in the coming decades. Th is primarily refers to the possibility of meeting the food needs of a population of over 9 billion people; a fi gure population of the planet is expected to reach by 2050. According to estimates by FAO (2013) , the global agricultural productivity in the coming decades should grow by approximately 1.75% in order to supply suffi cient quantities of food in the future. Th e European Union, which is itself determined to the role of the world's leading economic entity in the coming decades, should be one of the pillars of this growth.
Growth in the volume of agricultural production today, in conditions of limited natural resources, climate change and growing demands for respect of the principles of sustainable development is possible only by increasing the agricultural productivity. It is also impossible to raise further this productivity by the increase of natural input factors. However, its growth should primarily be based on the application of new scientifi c innovation achievements -in order to increase outputs by using existing (or even decreasing) material resources (Doberman and Nelson, 2013, European Commission 2012) . Such development path defi ned by the European Union's last reform of its agricultural policy is consistent with the ruling development strategy (Europe 2020). According to this document, one of the main objectives to be reached is eff ectively sustainable use of resources and environmental protection along with the development of new green technologies and production methods (Ilić, Krstić, Jovanović, 2016) .
However, recent analysis based on statistical data from the European Commission shows that agricultural productivity in this region in recent years has stagnated, and in some member states even decreased. According to the latest summary report of the European Commission published in the EU Agricultural Markets Brief in December of 2016, average productivity growth in agriculture in the EU between 1995 and 2005 was 1%, while in the next decade (between 2005 and 2015) was reduced to 0.8% (European Commission, 2016) . Th is trend is considered to be unsustainable, both in terms of the competitiveness of the EU compared to other global food manufacturers, the US, Australia, Canada and China, and in terms of opportunities for further growth of total world agricultural productivity in which the EU has always had a major impact. Th erefore, this paper analyzes the main trends in the growth of agricultural productivity of the European Union, in order to determine the main indicators that explain current growth up to now. Th e paper also presents the results obtained on the basis of data published by Word Bank and FAO. It has been found that the data of these two institutions on the changes of agricultural productivity in the EU, which is based on the statistical database United States Department of Agriculture, diff er from the data displayed by Eurostat, as the offi cial source of statistics of the European Union.
However, both papers agree in their assessment that the main factor on which productivity increase in the EU was based in the last decade was labor factor, namely a signifi cant reduction in the workforce in the agricultural sector. Taking into account that in modern economies the productivity of capital and intermediate consumption are considered as the main indicators of the success and of further development of agriculture, the obtained results suggest that the management of productivity in the European Union should be approached in a diff erent way in order to fulfi ll the principle of a science-based management.
METHODS AND DATA
Productivity in agriculture of the EU for the defi ned period from 2005 to 2015 was observed in this paper. Th e performed analysis was based on data on realized productivity of the EU agriculture accounted by the Total Factor Productivity in agriculture index (TFP index), as the main criteria used in the economic accounts for agriculture of the European Union, a leading Eurostat. TFP index is regarded as the combined eff ect of several factors that include new technology, increasing effi ciency, economies of scale, managerial skills and changes in the organization of production.
Total Factor Productivity index is expressed as the ratio between the Output Index -i.e. the change in production volumes and considered over a period-and the Input Index -the corresponding change in inputs / factors used to produce them (Coelli at. all 2005, pp. 66) . Th e main output of the entrance is the gross agricultural production, while the inputs are usually divided into six categories: labor factor, the factor of agricultural land, capital (which is expressed in two forms -machinery and livestock) and intermediate consumption ((also expressed in two forms -as a consumption of inorganic fertilizers and animal consumption as food).
TFP index, due to diff erent reference periods, which include statistically processing, is used in two diff erent analytic forms. Th e fi rst is Laspeyres indicer, which is defi ned as the arithmetic mean of the observed factors referred in 0 at time zero (the base year). Another form is Paasche index, which measures the factors, referred to in the time t (current year).
Geometric mean and Laspeyers Paasche index is typically represented by Fishcer Index, which is calculated by the following formula:
TFP_F= .
Th e main source of data in the paper are the Economic Accounts for agriculture (EAA) published by Eurostat to obtain data regarding the individual values of selected factors and total (TFP) productivity, which later in the paper were compared by the correlation coeffi cient.
Th e complementary data were collected from the following sources: -European database, where the relevant data from the database European account for agriculture were collected from; -Brief EU agricultural market, No. 10, December 2016 -as a document in which the analyzed data on actual growth rates of productivity per individual members is represented, which was later compared with the data from other sources; -USDA database for control data on realized European and total world productivity, which were compared with Eurostat data; -World Bank database for information on the realized partial labor productivity in individual countries and regions of the European Union; -FAO (Food and Agriculture organization of United Nations), for information on the status and projected trends in the world of agriculture.
REFERENCE OVERVIEW
Productivity is commonly defi ned as a ratio of a volume measure of output to a volume measure of input use (OECD, 2001) . Th e classical economic theory measures productivity as the productivity of production factors, where labor and capital are considered as basic input factors of production. In this case, productivity implies measures of the effi ciency of these two factors in the process of production (Jaško et al., 2014, pp. 331-339) . In order to make optimal decisions regarding the combination of production factors, it is necessary to conduct the analysis of productivity. Th e classical method of calculating the productivity is expressed by the formula: Y = ALKß Y = total product, monetary value of all goods and services made in some time, L-labor factor, K -capital factor, A -productivity factor, based on the specifi c technology,
 and ß -output elasticity of labor and capital, i.e. a constant that indicates the degree of infl uence factors on the output, caused by changing technology. In labor-intensive technology  value is higher, while in the technologies that are capital-intensive value ß is higher. In the economic literature a number of ways of productivity measurement based on the technology and the working factor have been shown, and a signifi cant development of the mathematical models of measurement were gained (Saiford L. and Th rall R. 1990).
Measuring of agricultural productivity can be, as well as in other activities, carried out by analysis of partial productivity of each individual factors, such as relations of eff ort and output, ratio of invested capital and production value etc. Th is method of measurement can provide important information to improve individual factors of production, but, as already said, it does not provide a complete picture of the relations between the input and output components. Th erefore, the measurement of agricultural productivity is increasingly using Index of Total Factor Productivity (TFP).
Index of full productivity based on yields, is established by measuring the change of the productivity in successive periods, by comparing changes in the yield of production factors released from the infl uence of the price disorders (Jaško et al., 2014) . Th is allows direct connection of changes in the productivity of the eff ectiveness of technological changes or changes in the use of input factors. Using the TFP index we can observe several input elements. By choosing this method, a dilemma which often arises in statistical surveys is avoided, which concerns the question of whether the function selected for measurement best represents the trend of the observed phenomenon (Grandov Z., Stankov M., and Djokić M. 2013: 173). For comparisons made using the total productivity factor, revenue and costs are used in two consecutive periods. Th is allows direct connection of changes in the productivity and the eff ectiveness of technological change or use of inputs. Income and expenses are used for comparison in two consecutive periods. Productivity in agriculture has not been for a long time seen only as the production of large quantities of food or eff ective yield. Th e purpose of Total Factor Productivity index is to understand the relationship between agricultural outputs (gross crop and livestock output) to inputs (land, labor, fertilizer, feed, machinery and livestock). Th is index allows the consideration of changes in the effi ciency of transforming inputs into outputs based not on increasing inputs, but as a result of innovation adaptation (Hulten at al., 2007 However, regarding the use of these indices in theory there is no full consent (Baráth and Fertő 2016) . It is believed that they are suitable for analysis when considering the prices of inputs and outputs, while without the price data, it is best to use Malmquist, Hick-Moorsteen and Fare -Primont indexes.
Regarding the great importance and the contribution that the productivity of agriculture has in the whole world of economy, it has constantly been studied in scientifi c and professional studies throughout the world. About the developments in this fi eld thousands of studies have been published, such as Lao and Yotopoulos (1981), Johnson and Gale (2000) , Foster and Rosenzweing (2003) , Doberman and Nellson (2013) and others. In addition, several international institutions like the World Bank, FAO, the European Commission, UNCTAD and other, issue their periodicals on general economic trends that include the fi eld of agriculture. Also, they all have their own specifi c annual or many years of statistical overview of the trends in agriculture and thematic reports are compiled for the purposes of the annual conferences and other meetings that address management policies in agricultural development.
All studies have fully confi rmed the fact that agriculture in the world in recent decades has had a constant growth rate, namely by 2005, thanks to which it has signifi cantly reduced poverty in the world and achieved great economic progress. Such favorable rating is also valid for the movement of the productivity in the European Union in the last 60 years, as indicated by the analyses which are carried out by the following authors among the others (Y. Hayami, V. W. Ruttan 1970 Ruttan , 1971 Ruttan , 1986 , (L. E. Fulginiti, R. K. Perrin 1993 Perrin , 1997 , (Coelli 1998 and Serrao 2003) .
RESULTS AND DISCUSSION
Agricultural production in the past fi fty years has expressed a high rate of growth of total production, which is accomplished thanks to high productivity (Fuglie, Wang and Ball 2012, pp. 13-22) . In developed countries, and therefore in most current EU member states, in that period maximum yield levels have been achieved, as observed by the employee, and per hectare. Th is growth was primarily due to the high increase of inputs that today are considered degrading in terms of the environment, such as high quantities of fertilizers, increased irrigation and greater use of machinery. Th e outbreak of the global economic crisis in 2008 resulted in a general decrease in economic activity in the world, with its consequential negative impact on the results of agricultural productivity in the European Union. Comparative analysis of the productivity growth, reported by Total Factor Productivity index for the period between 1995-2005 and for the period 2005-2015, which were published in EU Agricultural Market Brief, No. 10, December 2016 show a decline in the productivity of 1.3% in the fi rst reporting period, to 0.8% in the second. In the last decade the analyzed agricultural productivity has increased by a total of 9% (EU Commission 2016). Th is analysis also confi rmed that there is a gap between realized productivity in some EU member states. TFP annual growth in the period 2005-2015 was the largest in the EU-N13 and amounted to an average of 1.6%, while in the EU-15 was signifi cantly lower and amounted to only 0.6% (Graph 1). Agricultural productivity and the growth of agricultural production in the world have experienced similar trends, but in some countries, especially in those that have been the main competitor to the European Union in the world, agricultural market growth rate is quite favorable. According to the USDA (United State Development Agriculture) that processed the summarized data for the period 2001 to 2013, TFP growth in the European Union is approximately 1.5% per year, which is much higher than shown by Eurostat. But no matter which results are accurate, they both agree that agriculture of European Union begins to lose its competitiveness and that the only region that has a lower productivity than EU is Sub-Saharan Africa (Table 1) . Analyzing the reasons for modest growth in the productivity of EU agriculture, it was concluded that the main reason is the inadequate representation of the factors of its growth. Namely, since the primary purpose of TFP measurement is the effi ciency with which all inputs in agricultural production are transformed into outputs, it is the basic requiremens of a modern economy that realized output results are based on the use of new scientifi c and practical innovation rather than on capital inputs. Th is means that the basic tendency is a more effi cient use of existing inputs or resources. However, the productivity of EU agriculture is based on wrong principles and owes its growth mainly to reducing the number of employees (Madre Y, Devuyst, P, 2017) . Th is can be concluded from the analysis of the data in Th e thesis that the downsizing is the main driver of EU agriculture over the past decade is represented in the offi cial reports of the European Commission, and, in this paper, it will be further tested through the analysis of the impact factors of the workforce and intermediate consumption to gross value added of agricultural production in the European Union for the period [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] . Th e starting point is data of the European agrarian account for the observed factors -labor, intermediatte consumption and gross value edit. Verifi cation of the hypothesis was done by calculating a correlation coeffi cient between the two input factorslabor and intermediate consumption, with newly added as the main input factor (table 2 and 3). Th e results obtained show that the gross value added and labor force are inversely proportional. Th e correlation coeffi cient for the EU 28 in the period 2005-2015 is negative and is -0.5845 which approaches signifi cant diff erence and confi rms the assumption that the main source of productivity growth in the EU was workforce reductions. Th e largest reduction in the workforce happened in Sweden, Italy and Estonia, while the smallest outfl ow of workers from agriculture to other activities was recorded in Greece, Portugal and Ireland. Th e correlation coeffi cient between gross value added and intermediate consumption in EU 28 is 0.7365975 and is signifi cantly higher than zero, which confi rms the thesis that the main disagreement between the observed parameters of the relationship is between the workforce and newly added value.
CONCLUSION
Evident increase of needs for higher agricultural production in the world, to meet the needs for food of growing world population, can only be achieved by increasing productivity. However, limited natural resources, climate changes and the growing demands for the application of the principles of sustainable development in agriculture signifi cantly limit many factors of growth in agricultural productivity. Following its commitment to become the most effi cient economy until 2020, as the last goal of its development, the European Commission defi ned the growth of productivity in the agricultural sector on the principle of achieving more with less.
Movements in agrarian production of the European Union in previous years show that this goal, for now, is hardly achievable, both in achieving general growth, and even more so in achieving the principles of scientifi cally based productivity. Th is conclusion was achieved by analyzing the realized changes in the effi ciency of EU agricultural productivity in the period 2005-2015, which was measured using the index of total factor productivity. Th e application of this index has made it possible to identify the essential characteristics of the movement of the productivity of agricultural production in the EU. Analysis of key inputs covered by the TFP index showed that the modest growth of agricultural productivity achieved in the EU is not based on scientifi c and technological effi ciency, but solely by reducing the number of employees, or by reducing the number of engaged workers.
Th is is further proven by the analysis performed in this paper in which were observed the infl uences of two selected input factors of productivity -workforce and intermediate consumption to gross value added. Th e values obtained confi rmed the expressed assumption that the reduction of the workforce in the reporting period had a substantial eff ect on the fi nal results of agricultural production in the European Union.
Th ese results are a warning signal that the management of the agriculture productivity in the EU should rapidly change a lot. Primarily, by improving its effi ciency through the implementation of new, scientifi cally based innovation that should enable the achievement of higher productivity, and achieve greater production volume with fewer resources invested.
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